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1. INTRODUCTION AND PURPOSE 

Two buried tanks identified as the PM-2A tanks at Test Area North (TAN), Idaho 
National Engineering and Environmental Laboratory (INEEL) Site are to be removed as part of 
an environmental remediation project. Tank removal will involve a temporary excavation 
around the tanks such that the tanks can be removed whole and transported to the TAN-607A 
High Bay for subsequent treatment prior to disposal. Excavation slope stability is an important 
safety consideration. 

The main purpose of this evaluation is to conduct an independent slope stability analysis 
to determine if the proposed slope design provides an adequate factor of safety (FOS) against 
failure. For purposes of the slope stability evaluation, it is assumed that a FOS of 2.5 is 
acceptable.

Another INEEL Subcontractor (Intrepid Technology & Resources, Inc. [Intrepid]) 
previously performed slope stability analyses for the subject site. Information from the previous 
analysis is used as a basis for the independent review of slope stability. The scope of this 
evaluation is limited to using existing soils and subsurface data found in Engineering Design 
File (EDF), EDF-096-017, “PM-2A Tank Excavation Slope Stability” (see Appendix A). 
Additional information regarding the currently proposed excavation plan and proposed crane 
was provided by Mr. Brady Orchard, Professional Engineer, Portage Environmental Inc.’s 
project manager for the PM-2A remediation project. 

Soil-bearing capacity for the crane pad is also an important safety consideration. This 
analysis also reviews the earlier work by Intrepid and proposes a revised maximum allowable 
bearing pressure for the crane pad surface based on the proposed crane and orientation. 

2. DESIGN DATA 

This section describes the soil, subsurface, and excavation design data used for the 
reported slope stability and bearing capacity analyses. 

2.1 Soils and Subsurface Conditions 

Soils and subsurface conditions are described in the following subsections. 

2.1.1 Soils

Soil characteristics are described in EDF-096-017, “PM-2A Tank Excavation Slope 
Stability” (see Appendix A). Fifteen soil samples retrieved from depths ranging from 1.5 to 
24.5 ft were tested by the INEEL Materials Laboratory. The samples were tested for physical 
properties including particle size distribution, Atterberg limits, and moisture content. The soils 
were classified according to the Unified Soil Classification System. Of the 15 samples, 14 were 
classified as CL (lean clay with sand or sandy lean clay) and one was classified as SC (clayey 
sand). Soil moisture content ranged from 10.1 to 20.5%. Sand content varied from 11.8 to 50.4% 
in the 15 samples. 
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2.1.2 Subsurface Conditions 

Subsurface conditions are described in EDF-096-017, “PM-2A Tank Excavation Slope 
Stability” (see Appendix A). Two test boreholes were drilled by hollow stem auger methods 
from ground surface to 24.5 ft below ground surface. Standard penetration tests per American 
Society for Testing and Materials (ASTM) D 1586 were conducted at approximately 3-ft 
intervals. Based on corrected N-values ranging from 16 to 89, the consistency of clay soils are 
very stiff to hard (Lambe and Whitman 1969). 

2.2 Design Parameters 

The following subsections describe design parameters used for slope stability and bearing 
capacity analyses. 

2.2.1 Slope Stability 

Soil shear strength can be estimated from the corrected N-value (derived from drilling 
blow counts) by 

1. Correlating the standard penetration number (corrected N-value) to the unconfined 
compressive strength of saturated clay 

2. Calculating the soil shear strength as half of the unconfined compressive strength. 

This analysis, by its mathematical derivation, assumes the soil has no angle of internal 
friction (i.e.,  = 0). The shear strength determined by Step 2 above is applied in modeling as the 
undrained cohesion, cu. Assuming soil moisture conditions are not allowed to vary significantly 
upon excavation, a minimum undrained cohesion of 2,000 pounds per square foot (psf) is used 
for the slope stability analysis. 

Preliminary design information indicates the slope height will be 17 ft deep, with three 
slopes excavated to 1.5:1 (horizontal to vertical) and the project north slope excavated at 1:1. No 
groundwater or excess pore water pressures are used in the analysis. Moist unit weight of the 
embankment soil is assumed as 110 pounds per cubic foot (pcf). Preliminary design information 
is included in Appendix B. 

2.2.2 Crane Pad Bearing Capacity 

The field investigation report indicates that corrected N-values for the uppermost 12 ft 
(three times the crane track width of 4.0 ft) range from 24 to 89, with an average of 31 after 
eliminating the highest value. Based on this and the method used in Section 2.2.1, a minimum 
undrained cohesion of 4,000 psf is used for the bearing capacity analysis. 

2.2.3 Crane Loads 

Preliminary design information indicates the crane will be a Manitowoc Model 2250 
Crane with the MAX-ERTM 2000 counterweight system. The maximum load imposed to the 
crane pad by the crane structure is nearly 450 tons. Maximum ground pressures (below the 
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crawler tracks) used for analysis are 4,200 psf. Appendix B includes the crane weight and 
ground pressure estimates. 

3. ENGINEERING ANALYSIS 

This section summarizes the methods and results of the engineering analysis conducted 
for slope stability and bearing capacity. 

3.1 Methods

Evaluation methods are described in the following sections. 

3.1.1 Slope Stability 

The University of Texas Analysis of Slopes, Version 3 (UTEXAS3) computer program 
(Wright 1991) was used to evaluate the minimum FOS for a variety of conditions. The computer 
program uses Spencer’s procedure for evaluating static force equilibrium by the method of 
slices. The program uses an iterative procedure to evaluate numerous potential failure surfaces. 
The minimum FOS was computed for a circular failure mode with the shear surface passing 
through the toe of the excavation. The UTEXAS3 program identifies the failure surface location 
by listing the center coordinates of the failure circle in an output file. 

3.1.2 Crane Pad Bearing Capacity 

Bearing capacity calculations are based on standard Terzaghi theory for soil-bearing 
capacity of shallow strip foundations. The crane track width and maximum bearing pressure 
are applied with no overburden soil pressure to determine the ultimate bearing capacity. Using 
a FOS of 3.0, a minimum allowable bearing capacity incorporating both local and general shear 
failure modes is determined. 

3.2 Results

For comparison between the SNAILZ model used by Intrepid and the UTEXAS3 model, 
the first six trials list results for identical geometric, loading, and soil strength conditions. 
Results are summarized in Table 1 of Appendix C. Appendix C also provides an example 
output from the UTEXAS3 model, specifically for Trail 19. All other model outputs are on file at 
Portage Environmental, Inc. The UTEXAS3 modeling trials generally produce a slightly lower 
FOS than the SNAILZ results. This is likely because UTEXAS3 searches for the lowest FOS 
within circular failure modes, whereas the SNAILZ results show noncircular failure modes. 

With the internal angle of friction reduced to zero while maintaining the undrained 
cohesion value, the minimum FOS remains greater than 2.5 for the same scenarios that were 
modeled by Intrepid. 

The proposed north slope geometry (17 ft at 1:1) has a high FOS if no equipment is 
allowed near the crest. Equipment loads reduce the FOS, but the FOS remains greater than 2.5 
for the modeled conditions. 
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The maximum allowable bearing capacity for the crane pad is 5,000 psf (see Appendix D). 

4. CONCLUSIONS AND RECOMMENDATIONS 

This section discusses conclusions and recommendations associated with this report. 

4.1 Soil Moisture Conditions 

It should be noted that although unconfined compression tests are sometimes conducted 
on unsaturated soils, the unconfined compressive strength (and, therefore, the soil shear 
strength) rapidly decreases with the degree of saturation (Das 1984). Therefore, if the soil 
moisture content increases significantly, soil shear strength could be greatly reduced. 

No direct shear or triaxial shear tests were performed on the project soils. The soil 
physical properties test results suggest that the soil strength parameters likely include both 
internal friction angle and cohesion components. For comparison to other results, minimum soil 
strength parameters are assumed in this analysis (as phi = 15 degrees and c = 250 psf). Applying 
these “worst case” soil strength parameters by modeling indicates that the slope would be 
marginally stable without equipment loads and could fail under certain conditions. 

Based on the foregoing, soil moisture conditions must be closely monitored in the field 
during the work. Work should not proceed if exposed slope materials become saturated. 

4.2 Crane Pad 

It is recommended that the crane crawler tracks should be either: (1) oriented 
perpendicular to the excavation slope crest, or (2) if parallel to the slope crest, then positioned a 
minimum distance of 20 ft from the slope crest. 

4.3 Other Considerations 

The designed slopes (1.5:1 on three sides and 1:1 to the north) under existing conditions 
provide a reasonable FOS for the temporary excavation. It is recommended that equipment 
should avoid traveling on the ground surface between the north side of the excavation and 
Snake Avenue. 

Crane equipment ground pressures should be checked against those assumed in this 
report by consultation with the crane equipment supplier. If ground pressures are expected to 
exceed the design pressures, the slope stability analysis must be reevaluated by running 
additional UTEXAS3 trials. 

5. LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical 
engineering practices in this area within project constraints. Preliminary recommendations 
submitted in this report are based upon data obtained from a limited number of test boreholes. 
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Conclusions and recommendations presented in this report assume that site conditions do not 
substantially differ from those exposed during the subsurface investigations. 

The earthwork phases of construction should be periodically monitored by a qualified 
professional engineer. This is to ensure subsurface conditions are compatible with those used to 
develop geotechnical engineering analyses and recommendations. Daily monitoring during 
construction should be done by a competent person responsible for the work. Specific 
conditions to monitor for include seeps, saturated soils, anomalous soil types, and any evidence 
of slope movement such as bulging or sloughing.  

This report should be made available to prospective contractors for information on factual 
data only, and not as a warranty of subsurface conditions. Additional investigation by bidders 
and contractors is encouraged for developing bids and confirming subsurface conditions for 
construction purposes. 
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Appendix A 

PM-2A Tank Excavation Slope Stability 

See the attached document, EDF-096-017, “PM-2A Tank Excavation Slope Stability.”
























































































































































































